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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the laminating mold electrostrictive actuator by which the laminating of electrostrictive 
ceramics and the internal electrode is carried out by turns, and an internal electrode is connected for 
placing further with an external electrode The side edge section of an internal electrode is constituted 
from an insulating material which is mainly concerned with lead titanate so that it may change for 
placing further at least exposure of the internal electrode in the component side face in which the 
external electrode connected for placing further with an internal electrode is not formed. The 
laminating mold electrostrictive actuator characterized by maintaining the insulation between the 
internal electrodes with which different potential is impressed. 

[Claim 2] The laminating mold electrostrictive actuator according to claim 1 characterized by 
maintaining the insulation between the internal electrodes with which the both-sides edge of the 
internal electrode exposed to the component both-sides side in which an external electrode is not 
formed is constituted from an insulating material which is mainly concerned with lead titanate, and 
different potential is impressed. 

[Claim 3] On an electrostrictive ceramics green sheet, print conductive paste and an internal 
electrode is formed. After printing so that at least one side edge section of an internal electrode 
which exposes the insulating paste which consists of the insulating material which is mainly 
concerned with lead titanate to the component side face in which an external electrode is not formed 
may be included, and conductive paste may be adjoined A laminating is carried out so that it may 
change for placing further at least exposure of the internal electrode in the component side face in 
which the external electrode connected for placing further with an internal electrode is not formed. 
Subsequently The manufacture approach of the laminating mold electrostrictive actuator 
characterized by sticking by pressure, degreasing and calcinating and connecting an internal 
electrode and an external electrode for placing further. 

[Claim 4] The manufacture approach of the laminating mold electrostrictive actuator according to 
claim 3 characterized by having adjoined conductive paste and printing on an electrostrictive 
ceramics green sheet so that the side edge section of an internal electrode which exposes the 
insulating paste which consists of the insulating material which is mainly concerned with lead 
titanate to the component both-sides side in which an external electrode is not formed may be 
included . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrostrictive actuator of which the internal 
electrode of the component side face in which a laminating mold electrostrictive actuator and its 
manufacture approach, especially an external electrode are not formed forms the side edge section of 
the internal electrode exposed to the component exterior with the insulating material which is mainly 
concerned with lead titanate, and consists, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, the laminating mold electrostrictive actuator 10 carries 
out the laminating of the ceramic layer 13 and the internal electrode layer 15 by turns, as the green 
sheet 14 of electrostrictive ceramics which is shown in drawing 8 and with which the internal 
electrode layer 15 and the insulating part 16 were formed like is shown in drawing 9 and drawing 
10 , and it became the structure of connecting the internal electrode layer 15 and the external 
electrode 1 7 for placing further. Although it is common to have become the structure which is 
wearing four side faces except the vertical both-ends side of the laminating mold electrostrictive 
actuator 10 by sheathing resin etc. as for the laminating mold electrostrictive actuator 10, it became 
the structure which the internal electrode layer 1 5 in which the electrical potential difference from 
which a polarity differs is impressed to the side face in which the external electrode 1 7 is not formed 
exposed. 
[0003] 

[Problem(s) to be Solved by the Invention] The laminating mold electrostrictive actuator 10 in which 
ceramic layer 13 part of the laminating mold electrostrictive actuator 10 was formed by the thick- 
film forming methods, such as the green sheet method, etc. has the thickness of ceramic layer 13 part 
as thin as 100 microns or less, and it is observed as a device in which the miniaturization of the 
component of the laminating mold electrostrictive actuator 10 itself and a low-battery drive are 
possible. The ceramics has the property that the electrical potential difference which can be 
impressed to per unit thickness becomes high, when the thickness of the ceramics becomes thin, as 
shown in drawing 11 . Therefore, in a laminating mold electrostrictive actuator, impressing bigger 
electric field to a ceramic layer changes possible by making thickness of a ceramic layer thin. 
However, if it became the structure which the internal electrode layer 1 5 in which the electrical 
potential difference from which a polarity differs is impressed to the side face shown in drawing 10 
in which the external electrode 1 7 is not formed, like exposed, even if the side face is covered with 
sheathing resin etc. Since the creeping distance which it is between the internal electrode layers 1 5 to 
which a different polar electrical potential difference is impressed has only the thickness of the 
ceramic layer 1 3 If an electrical potential difference is impressed, discharge will arise between the 
internal electrode layers 1 5 to which a different polar electrical potential difference is impressed, and 
the phenomenon in which ten laminating mold electrostrictive actuators itself break will be 
produced. There are troubles, like the yield in the trial process which impresses the high voltage in 
the manufacture phase of a laminating mold electrostrictive actuator component is bad, and 
dependability is bad. Especially, since dust with minute adhering dust also has inter-electrode 
spacing as small as 100 microns or less when dust etc. adheres in a production process, the adhering 
place changes with an origin, and discharge between the internal electrode layers 1 5 arises, and it 
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changes with poor insulation's cause. 

[0004] In order to prevent the poor insulation between such internal electrode layers 15, and 
discharge, it is effective to lengthen the creeping distance of the internal electrode layer 1 5 which 
loses the exposed internal electrode layer 15, or has been exposed. Although the approach of a part 
all removing alternatively the side edge section of the internal electrode layer 15 to expose by the 
mechanical approach is considered, since the thickness of the ceramic layer 13 is as thin as 100 
microns or less, especially ten laminating mold electrostrictive actuators in which ceramic layer 1 3 
part was formed by thick-film methods, such as the green sheet method, are difficult for removing 
the side-face exposure part of the internal electrode layer 15 by the mechanical processing method 
etc. Moreover, a reinforcement-problem comes out in the laminating mold electrostrictive actuator 
10 in which making the side edge section of the internal electrode layer 15 into a hole has the 
structure which carried out the laminating of the thin ceramic layer 13 to 100 microns or less. 
[0005] Therefore, in order that the purpose of this invention may solve the trouble in such the former 
The laminating mold electrostrictive actuator created by carrying out the laminating of the green 
sheet and really sintering it, especially internal electrode spacing set to a micro laminating mold 
electrostrictive actuator and its manufacture approach 100 microns or less. It is in offering the 
laminating mold electrostrictive actuator which the part was removed alternatively [ or ] and was 
insulated in the side edge section of the internal electrode exposed also in a laminating sintered 
compact with internal electrode spacing of 1 00 microns or less, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] The approach of this invention removing the side edge section of 
the internal electrode layer exposed to a side face by constituting from an insulating material which 
does not become the hindrance of that variation rate when an electrostrictive actuator displaces at 
least one of the side edge sections of the internal electrode exposed to a side face, in order to attain 
the above-mentioned purpose, and insulating, or the approach of lengthening the creeping distance of 
the internal electrode with which the electrical potential difference from which a polarity differs is 
impressed is proposed. 

[0007] If it depends on this invention, namely, the laminating mold electrostrictive actuator by which 
the laminating of electrostrictive ceramics and the internal electrode was carried out by turns, and the 
internal electrode was connected for placing further with an external electrode The side edge section 
of an internal electrode is constituted from an insulating material which is mainly concerned with 
lead titanate, and it is characterized by maintaining the insulation between the internal electrodes 
with which different potential is impressed so that it may become placing further at least exposure of 
the internal electrode in the component side face in which the external electrode connected for 
placing further with an internal electrode is not formed. 

[0008] If it depends on this invention, moreover, the manufacture approach of a laminating mold 
electrostrictive actuator On an electrostrictive ceramics green sheet, print conductive paste and an 
internal electrode is formed. After printing so that at least one side edge section of an internal 
electrode which exposes the insulating paste which consists of the insulating material which is 
mainly concerned with lead titanate to the component side face in which an external electrode is not 
formed may be included, and conductive paste may be adjoined A laminating is carried out so that it 
may change for placing further at least exposure of the internal electrode in the component side face 
in which the external electrode connected for placing further with an internal electrode is not formed, 
and it is characterized by sticking by pressure, degreasing and calcinating and subsequently, 
connecting an internal electrode and an external electrode for placing further. 
[0009] Although this invention persons offer the approach by which the part which maintains the 
insulation with an external electrode and an internal electrode, and eases internal stress in a 
Japanese-Patent- Application-No. No. 153219 [ three to ] specification previously consists of lead 
titanates According to this invention, a laminating mold electrostrictive actuator In the laminating 
mold electrostrictive actuator by which the laminating of electrostrictive ceramics and the internal 
electrode is carried out by turns, and an internal electrode is connected for placing further with an 
external electrode It is characterized by consisting of lead titanates so that the creeping distance 
between internal electrodes may be extended for the edge of the internal electrode exposed to the 
side face in which the external electrode is not formed, an insulation may be maintained and it may 
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not become the hindrance of a variation rate. 

[0010] Furthermore, if it depends on this invention, on an electrostrictive ceramics green sheet, the 
manufacture approach of a laminating mold electrostrictive actuator prints conductive paste, forms 
an internal electrode, and after it prints the insulating paste which consists of the insulating material 
which is mainly concerned with lead titanate so that conductive paste may be adjoined, it is 
characterized by the laminating and sticking by pressure, degreasing and calcinating and creating a 
laminating mold electrostrictive actuator again. 

[001 1] Lead titanate (PbTi03) is the same perovskite mold compound as the titanic-acid lead 
zirconate (PZT) used for a laminating mold electrostrictive actuator, and has Curie temperature near 
500 degree C. Since change of the axial ratio by the phase transition which occurs when the Curie 
temperature near 500 degree C is passed, even if it sinters at an elevated temperature is large, big 
internal stress occurs, it destroys minutely and pure lead titanate is not sintered. This invention is 
constituted by using lead titanate paying attention to this phenomenon as an insulating part of the 
side edge section exposed to the side face of an internal electrode. 

[0012] That is, the lead titanate used as an insulating part of the edge exposed to the side face of an 
internal electrode is a compound with the same perovskite mold crystal structure as the titanic-acid 
lead zirconate of the ceramic layer which carries out induction of the variation rate, and its **** with 
a ceramic layer is good as an insulating part. Moreover, in the temperature up process at the time of 
baking, it sinters like the titanic-acid lead zirconate (PZT) of a ceramic layer, and the property made 
detailed in the Curie point near 500 degree C in the temperature fall process at the time of baking is 
used. Since the lead titanate made detailed is contained, the formed insulating part does not restrain a 
variation rate, when an insulation is fully shown and an electrical potential difference is impressed to 
a laminating mold electrostrictive actuator. 

[0013] The compound of the titanic-acid lead zirconate system of perovskite type structure is almost 
the case at the appearance which described previously the ceramics which carries out induction of 
the variation rate used for a laminating mold electrostrictive actuator. Although this compound is a 
compound which contains lead (Pb) to A site, if a lead ambient atmosphere is not adjusted at the 
time of baking, there is a problem of the lead of A site evaporating and having a bad influence on the 
property of the ceramics. Therefore, in this invention, since it is the same perovskite compound and 
lead is contained in A site also at that point, the lead titanate used for an insulating part can suppress 
lead evaporation of a ceramic layer. Moreover, in a lead compound, compared with the titanic-acid 
lead zirconate (PZT) which carries out induction of the variation rate, especially lead titanate is a 
stable compound and it is also rare to affect the property which reacts with a ceramic layer and 
carries out induction of the variation rate. 

[0014] Moreover, as an insulating part, the lead titanate to be used needs not to react with the 
electrostrictive ceramics which carries out induction of the variation rate at the time of baking, and 
the purity whose change of an axial ratio is extent which occurs enough is desirable [ lead titanate ] 
so that crushing by phase transition may break out by the cooling process after sintering. For that, it 
is important that lead titanate is a high grade, to crystallize enough, etc. 
[0015] 

[Example] Hereafter, an example is given and drawing is further explained to a detail for the 
laminating mold electrostrictive actuator and its manufacture approach of this invention later on. 
[0016] First, a perovskite type complex compound is added to Pb(Zr, Ti) 03 [ suitable as a charge of 
laminating mold electrostrictive actuator material which can really be calcinated ] as the 3rd 
component, and the ceramic fine particles which denaturalized with strontium are ground by the sand 
mill, and are made into the particle size of 1 micron or less. After adding and carrying out vacuum 
degassing of a binder, a dispersant, an activator, and the defoaming agent to this powder, a green 
sheet 4 is produced using the doctor blade method. The thickness of the obtained green sheet 4 was 
95 microns. On this green sheet 4, screen printing was used and the internal electrode layer 5 
(platinum) was printed ( drawing 1 ). Next, the insulating paste which consists of lead titanates is 
printed, and an insulating part 6 is formed so that the internal electrode layer ^5 may be adjoined on 
the same green sheet 4 ( drawing 2 ). The insulating paste which forms this insulating part 6 makes 
99.9% of lead titanate powder solid content (70wt%), and uses ethyl cellulose as a binder, and butyl 
carbitol and alpha-terpineol are constituted as a solvent. After taking into consideration the printing 
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thickness of the internal electrode layer 5, it is necessary to determine the printing thickness of an 
insulating paste. That is, it is necessary to grow into the thickness same at the time of sintering of the 
laminating sintered compact 2. If there is a difference of thickness at the time of laminating sticking 
by pressure and sintering, it will become the cause of delamination or a crack. In the example, 1 8 
microns and insulating paste printing thickness of the layer of an insulating part 6 were made into 8 
microns for the paste printing thickness of the internal electrode layer 5. 
[0017] Next, as the green sheet 4 with which 30 sheets, the internal electrode layer 5, and the 
insulating part 6 that consists of the insulating paste which consists of lead titanates are printed in the 
green sheet 4 which is not printing the internal electrode layer 5 was shown in drawing 3 , by turns, 
the laminating of the 30 green sheets 4 which are not printing the internal electrode layer 5 was 
carried out, they carried out heating sticking by pressure further 120 sheets, and it degreased, and it 
calcinated at 1200 degrees C, and a laminating sintered compact 2 like drawing 4 was obtained. Both 
the thickness of the insulating part 6 to which the thickness of the ceramic layer 3 of the laminating 
sintered compact 2 changes from the insulating paste with which it consists of 50 microns, an 
internal electrode layer 5, and lead titanate was 5 microns. 

[0018] Next, four side faces of this laminating sintered compact 2 are ground, and the external 
electrode 7 which was able to be burned on the end face which the internal electrode layer 5 and the 
insulating part 6 which consists of lead titanates expose, and which faces in the silver paste is 
formed. Lead wire was soldered to this external electrode 7, sheathing was performed, and the 
W5xD7xH9mm laminating mold electrostrictive actuator 1 was obtained. 

[0019] Moreover, it printed as an example of a comparison by the printing pattern shown in drawing 
8 , and the laminating mold electrostrictive actuator 1 0 of the structure of a conventional type as 
shown in drawing 9 and drawing 10 was also produced. 

[0020] when the electrical potential difference of 400V is impressed to the produced laminating 
mold electrostrictive actuator components of 1 00 each for 5 seconds and a compressive test is 
performed As opposed to one laminating mold electrostrictive actuator with structure like drawing 4 
which depends on the 1 st example of this invention having been 98% of rate of success 
Conventionally like drawing 9 of the example of a comparison, there was no rate of success, and as 
for a defect's cause, discharge arose between the internal electrode layers 15 to which the polar 
electrical potential difference from which the most differs is impressed, and it was [ only 63% of ten 
laminating mold electrostrictive actuators of structure ] eye ****. 

[0021] it is ******** to displace 10 microns or more and to function enough as a laminating mold 
electrostrictive actuator component by 150V, when there being 100 M omega or more and fully 
insulating, when the insulation resistance of the laminating mold electrostrictive actuator component 
produced according to this invention is investigated, and a variation rate are measured. 
[0022] Furthermore, it is also ******** ^ at destruction does not take place even if it carries out a 
variation rate 108 times, when impress a 150V or 1kHz sine wave electrical potential difference to 
the laminating mold electrostrictive actuator component produced according to this invention, a 
laminating mold electrostrictive actuator component is made to drive and life test is performed, but 
there is also endurance enough. 

[0023] the internal electrode layer 5 exposed to the laminating mold electrostrictive actuator 
component side face in which the external electrode 7 is not formed in the 1 st example of this 
invention as shown in drawing 4 , although the laminating mold electrostrictive actuator component 
which consisted of lead titanates in all the side edge section is shown Considering the main point of 
this invention, the same effectiveness is expected also by what consists of insulating part & of lead 
titanate in the side edge section of only internal electrode layer 5' to which the same polar electrical 
potential difference is impressed to be shown in drawing 6 and drawing 7 . 
[0024] 

[Effect of the Invention] As explained above, by this invention, a part can all be removed 
alternatively, the side edge section of the internal electrode exposed also in a laminating sintered 
compact with the internal electrode spacing of 100 microns or less can be insulated, the yield in a 
production process is good, there is withstand voltage of enough, and the effectiveness of being able 
to manufacture a reliable laminating mold electrostrictive actuator component is acquired. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the 1st step of the production process of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 2 ] It is the explanatory view showing the 2nd step of the production process of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 3] It is the explanatory view showing the 3rd step of the production process of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 4] It is the explanatory view showing the 4th step of the production process of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 5] It is the explanatory view showing the culmination of the production process of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 6] It is an explanatory view equivalent to drawin g 2 which shows the 2nd example of the 
laminating mold electrostrictive actuator of this invention. 

[Drawing 7] It is an explanatory view equivalent to drawing 4 which shows the 2nd example of 
drawing 6 . 

[Drawing 8] It is the explanatory view showing one of the ceramic layers of the conventional 
laminating mold electrostrictive actuator as an example of a comparison. 

[Drawing 9] It is the explanatory view showing the laminating of the conventional ceramic layer of 
drawing 8 . 

[Drawing 10] It is the explanatory view showing the conventional laminating mold electrostrictive 
actuator of drawing 9 . 

[Drawing 11] It is the graph which shows the relation between the dielectric breakdown voltage in a 
laminating mold electrostrictive actuator, and ceramic thickness. 
[Description of Notations] 

1 Laminating Mold Electrostrictive Actuator 

2 Laminating Sintered Compact 

3 Ceramic Layer 

4 Green Sheet 

5 Internal Electrode Layer 
5' Internal electrode layer 

6 Insulating Part 
6' Insulating part 

7 External Electrode 

1 1 Laminating Mold Electrostrictive Actuator 

12 Laminating Sintered Compact 

13 Ceramic Layer 

14 Green Sheet 

1 5 Internal Electrode Layer 

16 Insulating Part 

1 7 External Electrode 
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